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Lvmahokine Gene Therapy of Cancer 

BACKGRQDND "~ 

This application is a continuation-in-part of 
United States Patent Application Serial No. 07/781,356, 
5 filed on October 25, 1991, which is a continuation-in-part 
of United States Patent Application Serial No. 07/72Cf^f 872, 
filed on June 25, 1991, both of which are incorporated 
herein in their entirety. 

Recent advances in our understanding of the 
10 biology of the inoaune system have lead tO^ the 
identification of important modulators of immune responses, 
called cytokines ( 1-3 ) . Immune system modulators produced 
by lymphocytes are termed lymphokines , a subset of the 
cytokines. These agents mediate many of the immune 
15 responses involved in anti-tmnor immunity. Sevaratl of 
these cytokines have been produced by recombinant DSA 
methodology and evaluated for their anti-tumor effects. 
The administration of lymphokines and related 
immunomodulators has resulted in objective tumor responses 
20 in patients with various types of neoplasms 14-7). 
However, current modes of cytokine administration^ are 
frequently associated with toxicities that limit: the 
therapeutic value of these agents. 

For example, interleukin-2 (IL-2) is an important 
25 lymphokine in the generation of anti -tumor immunity (4). 
In response to tumor antigens, a subset of lymphocytes 
termed helper T-cells secrete small quantities of IL-2. 
This IL-2 acts locally at the site of tumor antigen 
stimulation to activate cytotoxic T-cells and nature^. 
30 killer cells which mediate systemic tumor cell destruction. 
Intravenous, intralymphatic and intralttslonal 
administration of IL-2 has resulted in clinijjally 
significant responses in some cancer patients <4-6). 
However, severe toxicities (hypotension and adema) limit 
35 the dose and efficacy of intravenous and intralymphatic IL- 



r/LiEiSTITUTE SHEET 



wo 93/07906 



2 -~ 

2 administration (5-7). The toxicity of systeinii^lly 
administered lymphokines is not surprising as these agents 
mediate local cellular interactions and they are norxially 
secreted in only very small quantities. 

5 Additionally, other cytokines, such as 

interleukin-4 (IL-4), alpha interferon (a-INF) and fpnma 
interferon (y-INF) have been used to stimulate iamune 
responses to tumor cells. Like IL-2, the current modms of 
administration have adverse side effects. 

10 To circumvent the toxicity of systemic cytokine 

administration, several investigators have examined 
intralesional injection of IL-2. This approach eliminates 
the toxicity associated with systemic IL-2 administration 
(8,9,10). However, multiple intralesional injections are 

IS required to optimize therapeutic efficacy {9,10), ^«ftce, 
these injections are impractical for many patiiMRts, 
particularly when tumor sites are not accessible ' for 
injection without potential morbidity. 

An alternative approach, involving cytokine gene 
20 transfer into tumor cells, has resulted in significant 
anti-tumor immune responses in several animal tumor models 
(11-14). In these studies, the expression of cytokine gene 
products following cytokine gene transfer into tumor cells 
has abrogated the tumorigenicity of the cytokine-aecreting 
25 tumor cells when implanted into syngeneic hosts . The 
transfer of genes for IL-2 (11,12) y-lUT (13) or 
inter ieukin-4 (IL-4) (14) significantly reduced. . or 
eliminated the growth of several different histolojjical 
types of murine tumors. In the studies employing IL-2 gene 
30 transfer, the treated animals also developed systemic anti- 
tumor immunity and were protected against subsequent tiamor 
challenges with the unmodified parental tumor (11,12). 
Similar inhibition of tumor growth and protective imnainity 
was also demonstrated when immunizations were performed 
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with a mixture of unmodified parental tumor cells and 
genetically modified tumor cells engineered to express the 
IL-2 gene. Ho toxicity associates with localized 
lymphokine transgene expression was reported in these 
1 animal tumor studies (11-14). 

While the above gene-transfer procedure has" been 
shown to provide anti-tumor immunity, it still jf»t:iiins 
practical difficulties. This approach is limited by the 
inability to transfer functional cytokine genes into »any 
patients' tumor cells, as most patients' tumors caniHji be 
established to grown in vitro and methods for human ig vivo 
gene transfer are not available. 

SUMMARY OF TBE IHVEMTIQW 

The present Invention demonstrates a novel, inore 
practical method of cytokine cancer immunotherapy. In one 
approach, selected cells from a patient, suclT as 
fibroblasts, obtained, for example, from a routine skin 
biopsy, are genetically modified to express one or "more 
cytokines. Alternatively, patient cells which may nonnally 
serve as antigen presenting cells in the immune system such 
as macrophages, monocytes, and lymphocytes may also be 
genetically modified to express one or more cytoktmes. 
These modified cells are hereafter called cytofcine- 
expressing cells, ore CE cells. The CE cells are Ihen 
mixed with the patient's tumor antigens, for example the 
form of irradiated tumor cells, or alternatively i|»_the 
form of purified natural or recombinant tumor antigen/- and 
employed in immunizations, for example subcutaneouaXyv to 
induce systemic anti-tumor immunity. ' 

The cytokines are locally expressed at levels 
sufficient to, induce or augment systemic anti-tumor immune 
responses via local immunization at sites other than active 
tumor sites. Systemic toxicity related to cytokine 
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administration should not occur because the levels of 
cytokine secreted by the CE cells should not significantly 
affect systemic cytokine concentrations. 

As the amount of cytokine secreted by 1^ CE 
cells is sufficient to induce anti-tumor immunity biig: is 
too low to produce substantial systemic toxicity rrijthis 
approach provides the benefit of local cytipcine 
administration. In addition, this novel method obviates 
the need for intralesional injections, which may produce 
morbidity. Furthermore, the continuous local expression of 
cytokine(s} at the sites of immunization may also augment 
anti-tumor immune responses compared to intermii^tent 
cytokine injections- This method also provides;;;;, the 
advantage of local immunization with the CE call-flf> as 
opposed to cumbersome intravenous infusions. This n^thod 
also eliminates the need for establishing tumor cell Mnes 
in vitro as well as transfer of genes into these tumor 
ceils. r~ 



This invention also provides an alternative, means 

20 of localized expression of cytokines to induce «nd/or 
increase immune responses to a patient's tumor through 
genetic modification of cellular expression of both 
cytokine(8) and tumor antigenfs). In this embodiment, 
selected cells from a patient are isolated and transduced 

25 with cytokine gene(s) as well as gene(B} coding f o r t unor 
antigen(s). The transduced cells are called "cifrier 
cells." Carrier cells can include fibroblasts and cells 
which may normally serve as antigen presenting cells the 
immune system such as macrophages, monocytes/ and 

30 lymphocytes. Transduced carrier cells actively expressing 
both the cytokine (s) and the tumor antigen(s) are selected 
and utilized in local immunizations at a site other than 
active tumor sites to induce anti -tumor immune responses. 
As with the CE cells, these carrier cells should not 

35 produce substantial systemic toxicities , as the levels of 
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cytokine(s) secreted by the carrier cells should' not 
significantly affect systemic cytokine concentrations. 
This alternate embodiment is advantageous because it 
obviates the need to obtain Scunples of the tumor, which is 
5 sometimes difficult. However, carrier cells can be 
utilized In local iiraminizations in conjunction with tionior 
cells, tumor cell homogenates/ purified tumor antigens^ or 
recombinant tumor antigens to enhance anti-tumor immuiiity. 

Additionally, this second embodiment retains the 
10 same advantages as the first embodiment in that the level 
of cytokine released by the carrier cells is sufficient to 
induce anti-tumor immunity but is too low to produce 
siibstantial systemic toxicity. In addition, as with the 
first embodiment, this method obviates the need for 
15 intralesional injections, and allows for confci^oous 
expression of cytokine(s) . This method also eliminate the 
need for establishing continuous cultures in vitro of v;:^inor 
cells as well as transfer of genes into these tumor calls, 
and provides the advantage of local immunization witli' the 
20 carrier cells, as opposed to cumbersome lengthy intrav^ous 
infusions. 

These approaches may also find application in 
inducing or augmenting immune responses to other antigens 
of clinical significance in other areas of medical 
25 practice. 

BRIEF DESCRIPTIOM OF THE DRAWIMGS 

Figure 1 shows schematic diagrams of retroviral 
vectors DC/TKIL2, LXSN-IL2, and LNCX-IL2. 

Figure 2 shows a mean IL-2 concentration of 
30 triplicate supernatant samples measured by EI.ISA, 
Supematants were harvested from overnight cultures of 
approximately 1.5 x 10* semi-confluent fibroblasts. 
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Figure 3 shows biological activity of the IL-2 
secreted by the transduced fibroblasts was demonstrated by 
measuring mean 'H-TdR incorporation of an IL-2 dependent T- 
cell line incubated with triplicate saunples of 
5 supernatants. Supernatants were harvested from ovf;]p^ght 
cultures of approximately 1.5 x 10* semi^oeni^iient 
fibroblasts. ~^ 

Figure 4 shows con^arisons between aitimals 
injected with 10» CT26 tumor cells alone {□) ; 10* CT26 tumor 

10 cells and 2 x 10* unmodified BALB/C fibroblasts 10* 
CT26 tumor cells and 2 x 10' IL-2 transduced SALB/C 
fibroblasts (•); and 10' CT26 tumor cells and 1 x 10* 
transduced BALB/C fibroblasts {o}. Tumor measurements are 
the mean products of the cross-sectional diameter of the 

15 tumors from four animals in each treatment group. The (*) 
indicates statistically significant difference (P < 0.05) 
in tumor growth curves. 

Figure 5 shows PGR analysis of neomycin phospho- 
transferase DNA sequences. Lane 1 - positive cdntrol 
20 PLXSN-RI-IL2 . Lanes 2 through 4 tests genomic DNA; Lanes 
5 and 6 ovary genomic DNA; Lane 7 negative control, no DNA. 
Identical results were obtained with liver, spleen and lung 
genoiQic DNA (data not shown) . 

Figure 6 shows the effect of IL-2 modified 
25 fibroblasts on tumor establishment and development using 2 
X 10' fibroblasts mixed with 5 x 10* CT26 tumor cells 
concentrating on the rate of tumor growth. 

Figure 7 shows the effect of IL-2 modified 
fibroblasts on tumor establishment and development using 2 
30 X 10* fibroblasts mixed with 5 x 10* CT26 tumor eftlls 
concentrating on the time of tumor onset for the individual 
animal in each treatment group. 
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Figure 8 shows the effect of IL-2 m<W£ied 
fibroblasts on tumor establishment and development u»ing 2 
X 10* fibroblasts mixed with 1 x 10=' CT26 tumor ^^eells 
concentrating on the rate of tumor growth. 

5 Figure 9 shows the effect of 11,-2 mcKiified 

fibroblasts on tumor establishment and development uf iioig 2 
X 10* fibroblasts mixed with 1 x 10' CT26 tumor bblle 
concentrating on the time of tumor onset for the individual 
animal in each treatment group. 

10 Figure 10 shows the effect of IL-2 modified csells 

on tumor establishment and development using 2 x 10* DCTK- 
IL2-modified CT26 tumor cells mixed with 1 x 10' unmodified 
CT26 compared to 2 x 10* DCTK-IL2-modif led fibroblasts mixed 
with 1 X 10' CT26 concentrating on the rate of tumor growth. 

^5 Figure 11 shows the effect of IL-2 modified cells 

on tumor establishment and development using 2 x 10* iXTK- 
IL2-modified CT26 tumor cells mixed with 1 x 10* unmodified 
CT26 compared to 2 x 10* DCTK-IL2-modified fibroblasts n|Jced 
with 1 X 10' CT26 concentrating on the time of tumor onset 

20 for the individual animal in each treatment group. 

Figure 12 shows the effect of IL-2 modified 
fibroblasts on induction of systemic anti-tumor imteahity 
and the rate of tumor growth. Mice were immunized wJMth 2 
X 10* fibroblasts mixed with 2.5 x 10' irradiated CT26 tumor 
25 cells 7 days prior to challenge with S x 10* fresh tumor 
cells. 

Figure 13 shows the effect of IL-2 modified 
fibroblasts on induction of systemic anti-tumor immunity 
and the time of tumor onset for the individual animal in 
30 each treatment group. Mice were immunized with 2 x 10* 
fibroblasts mixed with 2.5 x 10* irradiated CT26 tumor cells 
7 days prior to challenge with 5 x 10* fresh tumor cells. 
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Figure 14 shows the effect of IL-2 modified 
fibroblasts on induction of systemic anti-tumor immunity 
and the rate of tumor growth. Mice were immunized with 2 
X 10* fibroblasts mixed with 2.5 x 10' irradiated CT26 tumor 
5 calls 14 days prior to challenge with 5 x 10* fresh tumor 
cells. 

Figure 15 shows the effect of IL-2 modified 
fibroblasts on induction of systemic iuiti-tumor inffiSfnity 
and the time of tumor onset for the individual animal in 
10 each treatment group. Mice were immunized with 2 x- 10' 
fibroblasts mixed with 2.5 x 10' irradiated CT26 tumor cells 
14 days prior to challenge with 5 x 10* fresh tumor cells. 

DETAILED DESCRIPTIQM 

A novel method of tumor immunotherapy is 

15 described comprising the genetic modification of -leHlls 
resulting in the secretion of cytokine gene productB to 
stimulate a patient's immune response to tumor antigens. 
"Gene" is defined herein to be a nucleotide aftquence 
encoding the desired protein. In one embodiiWmt, 

20 autologous fibroblasts genetically modified to secrete at 
least one cytokine gene product are utilized to isosttnize 
the patient in a foximilation with tumor antigens at a site 
other than an active tumor site. In another embodiment, 
cells genetically modified to express at least one tmnor 

25 antigen gene product and to secrete at least one cytokine 
gene product are utilized in formulation to immunize the 
patient at a site other than an active tumor site. 
Cytokines are preferably expressed in cells l^xch 
efficiently secrete these proteins into the surrottiiiing 

30 milieu. fibroblasts are an example of such ceils. 
Fibroblasts or other cells can be genetically modified to 
express and secrete one or more cytokines, as described 
later in this specification. 
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Tuinor antigens can be provided by sjaveral 
methods, including, but not limited to the following: 1) CE 
cells can be transduced with gene(s) coding for. tuaior 
antigens. These "carrier cells'* are then utilized in 
5 patient immunizations. 2) Cloned gene sequences codi^a|F for 
appropriate tumor antigens can be transferred intoz^lls 
such as fibroblasts or antigen-presenting cells . I^ieae 
cells a.rB then mixed with CE or carrier cells to imotimize 
the patient. 3) Tmaor antigens can be cloned in bacteria 

10 or other types of cells by recombinant procudures. these 
antigens are then purified and employed an immunization 
with CE and/or carrier cells. 4) Tumor antigens can be 
purified from tumor cells and used, along with CB or 
carrier cells, to immunize the patient. 5) Tumor cells may 

15 be irradiated or mechanically disrupted and mixed with CE 
and/or carrier cells for patient immunizations. 

This invention encompasses the following steps : 
(A) isolation of appropriate cells for generation cSf- CE 
cells or carrier cells; (B) isolation of cytokine qenW9 or 

20 isolation of cytokine genes and tumor antigen genof, as 
well as appropriate marker and/or suicide genes; (C) 
transfer of the genes from (B) to produce the CE cells or 
carrier cells; (D) preparation of immunological sanptfl of 
the patient's tumor antigens or other suitable tumor 

25 antigens for immunization with CE or carrier cells^^ (E) 
inactivation of the malignant potential of tumor aelSt if 
they are used as a source of tumor antigens for 
immunization; and (F) preparation of samples ;^ for 
immunization. Following are several enbocUbaUdnts 

30 contemplated by the inventors. However, it is understood 
that any means known by those in the art to acoon^lish 
these steps will be usable in this invention. 
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(A) Isolation of Cells to Generate CB"^- and 
Carrier Cells 

Cells to be utilized as CE cells and carrier 
cells can be selected from a variety of locations iw^ the 
S patient's body. For exajnple, skin punch biopsies provide 
a readily available source of fibroblasts for ttii«r in 
generating CE cells, with a ntinimal amount of intrusli^ to 
the patient. alternatively, these fibroblasts can be 
obtained from the tumor sample itself. Cells of 

10 hematopoietic origin may be obtained by venipuncture, bone 
marrow aspiration, lymph node biopsies, or from tumor 
samples. Other appropriate cells for the generation <Sf CE 
or carrier cells can be isolated by means known in the Art. 
Non-autologous cells similarly selected and processed'' can 

15 also be used. 

(B) Isolation of Genes 

Numerous cytokine genes have been cloned a.Jt& are 
available for use in this protocol. The genes for lL-2 , 
y-INF and other cytokines are readily available (1-5,^ 11- 
20 14), Cloned genes of the appropriate tumor antigens" are 
isolated according to means known in the art. 

Selectable marker genes such as neoiqycin 
resistance (Neo») are readily available. Incorporation of 
a selectable marker gene(8) allows for the selectiofi of 
25 cells that have succesafully received and express the 
desired genes. Other selectable markers known to those in 
the art of gene transfer may also be utilized to geni^rate 
CE cells or carrier cells expressing the desired 
transgene*. 

■^^ "Suicide" genes can be incorporated into the CE 

cells or carrier cells to allow for selective inducible 
killing after stimulation of the immune response. A ^«ne 
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such as the herpes simplex virus thymidine kinase gene (TK) 
can be used to create an inducible destruction of tfii CE 
cells or carrier cells. When the CE cells or carrier cells 
are no longer useful, a drug such as acyclovit or 
S gancyclovir can be administered. Either of these HSltugs 
will selectively kill cells expressing TK, thus elimin^xng 
the implanted transduced cells. Additionally, a suicide 
gene may be a gene coding for a non-secreted cyto^ic 
polypeptide attached to an inducible promoter. - When 

10 destruction of the CE or carrier cells is desired,^ the 
appropriate inducer of the promoter is administered so that 
the suicide gene is induced to produce cytotoxic 
polypeptide which subsequently kills the CE or carrier 
call. However, destruction of the CE or carrier cell j[ may 

15 not be required. 

Genes coding for tumor antigen^s) of interest can 
be cloned by recombinant methods. The coding segaea^"^ of 
an antigen expressed by multiple tumors may be utilized for 
many individual patients. 3 

20 (C) Transfer of Genes 



Numerous methods are available for transferring 
genes into cultured cells (15). For exaa^le, "the 
appropriate genes can be inserted into vectors such; as 
plasmids or retroviruses and transferred into the cells. 
Electroporation, lipofection and a variety of other methods 
are known in the field and can be implemented. „Z 

■■■-Sp|: . 

One method for gene transfer is a method sinttlar 
to that employed in previous human gene transfer studies, 
where tumor infiltrating lymphocytes (TILs) were modified 
by retroviral gene transduction and administered to cancer 
patients (16). In this Phase I safety study of retroVijral 
mediated gene transfer, TILs were genetically modified to 
express the Neomycin resistance (Neo*) gene. Following 
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intravenous infusion, polymerase chain reaction analyses 
consistently found genetically modified cells in the 
circulation for as long as two months after administration. 
No infectious retroviruses were identified in these 
5 patients and no side effects due to gene transf ejf--J»re 
noted in any patients ( 16 ) . These retroviral vector^liave 
been altered to prevent viral replication by the del^ion 
of viral gag, pol and env genes. 

When retroviruses are used for gene tranaler, 
3 replication competent retroviruses may theoretically 
develop by recombination between the retroviral vector = and 
viral gene sequences in the packaging cell line utilizia to 
produce the retroviral vector. We will use packaging- cell 
lines in which the production of replication competent 
i virus by recombination has been reduced or eliminated. 
Hence, all retroviral vector supernatants used to infect 
patient cells will be screened for replication competent 
virus by standard assays such as PGR and raviarae 
transcriptase assays (16). Furthermore, exposure^- to 
' replication competent virus may not be harmful. In studies 
of subhuman primates injected with a large inocului of 
replication competent murine retrovirus, the retrovirus was 
cleared by the primate immune system (17). No clirHdal 
illnesses or sequelae resulting from replication competent 
virus have been observed three years after exposure. In 
summary, it is not expected that patients will be exposed 
to replication competent murine retrovirus and it appears 
that such exposure may not be deleterious (17). 

Preparati gn of Immunological Samples of -tha 

Patient ^3 JjmoE Antigens or Purt^l^ri 

Recombinant Tumor Antiaena 

Tumor cells bearing tumor associated antigens 'are 
isolated from the patient. These ceils can derive either 
from solid tumors or from leukemic tumors. For solid 
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tumors, single-celX suspensions can be made by mechanical 
separation and washing of biopsy tissue (18). z-r: 

Heanatopoietic tumors may be isolated from 
peripheral blood or bone marrow by standard methods {19). 

A second variant is the use of homogenateM^ of 
tumor cells. Such homogenates would contain tumor antigens 
available for recognition by the patient's immune system 
upon stimulation by this invention. Either unfractiofiated 
cell homogenates, made, for example, by mechanical 
disruption or by freezing and thawing the cells, or 
fractions of homogenates preferably with concentriited 
levels of tumor antigens, can be used. 

Likewise, purified tumor antigens, obtaini^Jtor 
example by immunoprecipitation or recombinant DNA methods, 
15 could be used. Purified antigens would then be utilized 
for immunizations together with the CE cells and/or caS-rier 
cells described above to induce or enhance the patient's 
iimnune response to these antigens. - 

In the embodiments employing carrier cells, tumor 
20 antigens are available through their expression by the 
carrier cells. These carrier cells can be injected alone 
or in conjunction with other tumor antigen preparations or 
CE cells. Likewise, when CE cells are used, purified 
recombinant tumor antigen, produced by methods known in the 
25 art, can be used. 

If autologous tumor cells are not readily 
available, heterologous tumor cells, their homogenates, 
their purified antigens, or carrier cells expressing *uch 
antigens could be used. 
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(E) Inactivation of Tumor Cellg 

When viable txunor cells are utiliaed in 
imnmnizations as a source of tumor antigens, the iuiaor 
cells can be inactivated so that they do not grow in the 
5 patient. Inactivation can be accomplished by several 
methods, the cells can be irradiated prior to immunl^tion 
(18). This irradiation will be at a level which will 
prevent their replication. Such viable calls can then 
present their tumor antigens to the patient's iaomine 
10 system, but cannot multiply to create new tumors. ^ 

Alternatively, tumor cells that can be cultured 
may be transduced with a suicide gene. As described above, 
a gene such as the herpes simplex thymidine kin4»j|; (TK) 
gene can be transferred into tumor cells to indue* spieir 

15 destruction by administration of acyclovir or gancyelovir. 
After immunization, the TK expressing tumor cells- can 
present their tumor antigens, and are capable' of 
proliferation. After a period of time during which the 
patients 's immune response is stimulated, the cells can be 

20 selectively killed. This approach might allow linger 
viability of the tumor cells utilized for immunizatj&?ns, 
which may be advantageous in the induction or augmentation 
of anti^tumor inmiunity. 

(F) Py^Ptffation of Samples for Immnni.^^i'A^ 

*^ cells and/or carrier cells and tumor Cells, 

and/or homogenates of tumor cells and/or purified tmor 
antigen(s), are combined for patient immunization. 
Approximately 10' tumor cells will be required. If 
homogenates of tumor cells or purified or non-purified 

0 fractions of tumor antigens are used, the tumor dose can be 
adjusted based on the normal number of tumor antigens 
usually present on 10' intact tumor cells. The tumor 
preparation should be jnixed with numbers of CE or earxier 
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cells sufficient to secrete cytokine levels that induce 
anti-tumor inmnunlty (11-12) without producing substantial 
systemic toxicity which would interfere with therapy. 

The cytokines should be produced by the CE' e^lla 
5 or the carrier cells at levels sufficient to indnett or 
augment imimine response but low enough to avoid substantial 
systemic toxicity. This prevents side effects creatsd by 
previous methods' administration of greater than 
physiological levels of the cytokines. 

10 These mixtures , as well as carrier cells tha^E are 

utilized alone, will be formulated for injection i^ji^ any 
manner known in the art acceptable for immunisation. 
Because it is Important that at least the CE cells?- and 
carrier cells remain viable, the formulations mu«t be 

15 compatible with cell survival. Formulations oaft be 
injected subcutaneously, intramuscularly, or in any manner 
acceptable for immunization. 

Contaminants in the preparation which may :Cocus 
the immune response on undesired antigens should be removed 
20 prior to the immunizations. 

The following examples aire provided' for 
illustration of several embodiments of the invention and 
should not be interpreted as limiting the scope of the 
Invention. 
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EXAMPLE I 



IMMUNIZATION WITH FI BROBLASTS EXPRESSIHG TTf? 
MIXED WITH IRRADIATED TDMOR CELLS 

1) IgQlation of Autologous Fibroblaata 
5 fqr yse in generating IL-2 Saeret i na CE Calla 

Skin punch biopsies will be obtained from each 
patient under sterile conditions. The biopsy tissuewill 
be minced and placed in RPMI 1640 media containing 10% 
fetal calf serum (or similar media) to establish growth of 
10 the skin fibroblasts in culture. The cultured fibroblasts 
will be utilized to generate IL-2 secreting CE eella by 
retroviral mediated IL-2 gene transfer. 

2) Retroviral Vector Preparation and 
generation of IL-2 Secreting CE C^n^ 

The cultured skin fibroblasts will then, be 
infected with a retroviral vector containing the IL-2 and 
Neomycin resistance (Neo") genes. An N2 vector containing 
the Neo" gene will be used, and has been previously utiUzed 
by a number of investigators for in vitro and in vivo work, 
including investigations with human subjects (16). The- IL- 
2 vector will be generated from an H2-derived vector, 
LLRHL, developed and described by Priedmann and his 
colleagues (20). It will be made by replacement of . the 
luciferase gene of LLRNL with a full-length cDNA encoding 
25 human IL-2. Retroviral vector free of contaminating 
replication-competent virus is produced by trans fectioa of 
vector plasmid constructions into the helper-free packaging 
cell line PA317. Before infection of patients' cells," the 
vector will have been shown to be free of helper virue. In 
the event that helper virus is detected, the vector will be 
produced in the GP + envAM12 packaging cell line in whjtch 



30 
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the viral gag and pol genes are separated from the renv, 
further reducing the likelihood of helper virus production. 



t«st«d for adventitious agents and replication comptftent 
virus as described (16) and outlined in Table 1. The 
fibroblasts axe washed and then grown in culture aedia 

10 containing G418, (a neomycin analogue) to select for 
transduced cells expressing the Neo* gene. The G418- 
resiatant cells will be tested for expression of the5 5lL-2 
gene by measuring the concentration of IL-2 in the culture 
supernatant by an enzyme linked immunosorbent assay (^LISA) 

15 (12). G418-resilient cells expressing IL-2 will be st^ored 
at -70 *C until required for subsequent use in 
immunizations. ~ 




5 



The cultured primary fibroblasts will be 
incubated with supernatant from the packaging cell llie as 
described (20). Supernatant from these cells wil| be 



Table 1 



Mven1^4^^j,9^? ^q^Pta ^nd Safety T?§t^4,nq 



20 



1. Sterility 

2 . Mycoplasma 

3. General Safety 



30 



25 



4. Viral Testing 
LCM Virus 
Thymic agent 
S+/L- eco 
S+/L-xeno 
S-t/L- ampho 
3T3 aaiplification 
MRC-5/Vero 
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4) Preparation of Irradift1;^d Tumor Cella 



Tumors obtained form clinically indic&ted 
surgical resections or from superficial lymph node or-^kin 
metastases will be minced into 2-3 mm pieces and txiti^ted 
5 with collagenase and DHAse to facilitate separation o|| the 
tumor into a single cell suspension. The collectcr^''^11s 
will be centrifuged and washed in RPMI 1640 media and then 
cryopreserved in a solution containing 10% dimethyl 
sulphoxide and 50% fetal calf serum in RPMI 1640 media. 

10 The cells will be stored in liquid nitrogen until the time 
of administration. Prior to their use in subcutaneous 
immunizations, the cells will be thawed, washed in jsedia 
free of immunogenic contaminants, and irradiated with 4> 000 
rads per minute for a total of 20,000 rads in a cesium 

15 irradiator. 

51 Pa1;3,en1; ^el^^Qtion 

Patients will have a histologically confirmed 
diagnosis of cancer. Patients with tumors that mutt be 
resected for therapeutic purposes or with tumors rwuiily 
20 accessible for biopsy are most appropriate for this 
embodiment of the invention. 

6\ Pretreatment Evaluation 

The following pretreatment evaluations will be 

per formed X 

25 1) History and physical examination including 

a description and gueuitif ication of disease activity.-- 
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2) Performance Status Assessment i 

0 = Normal, no symptoms 

1 = Restricted, but ambulatory 

2 « Up greater than 50% of waJcing 
^ hours, capable of self -care 

3 - Greater than 50% of waking hours 

confined to bed or chair, limited 
self -care 

4 «s Bedridden 

^0 3) Pretreatment Laboratory: 

CBC with differential, platelet count, PT, Jtt, 
glucose, BON, creatinine, electrolytes, SGOT, SGPT, LDH, 
alkaline phosphatase, bilirubin, uric acid, calcium, t«>tal 
protein albumin. 



4) Other Analyses: 
Urinalysis 

CHjo/ C, and C4 serum complement levels 
Iiramnophenotyping of peripheral blood B cell and 
T cell subsets 

Assays for detectable replication-competent 
virus in peripheral blood cells 

PCR assays of peripheral blood leuk<s<sp:es 
for Neo", iL-2 and viral env 



5) Other Pretreatment Evaluation: 
Chest X-ray and other diagnostic studies 
including computerized tomography (CT), magnetic resonance 
imaging (MRI) or radionuclide scans may be perfonwd to 
document and quantify the extent of disease activity. 

Follow-up evaluations of these assessment*" at 
regular intervals during the course of therapy 
(approximately every 1 to 3 months) will be useful in 
determining response to therapy and potential toxicity. 
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permitting adjustments in the number of immuniaations 
administered. 



7> Restriction s on Concurrent Therapy 



For optimal effects of this treatment, patients 
5 should receive no concurrent therapy which is known to 
suppress the immune system. 

B) Final Formulation 

Each patient will receive subcutaneous 
immunizations with a mixture if irradiated tumor cells and 

0 autologous fibroblast CE cells genetically modified to 
secrete IL-2, Approximately 10' tumor cells will be nixed 
with 10» fibroblasts known to secrete at least 20 unit»/ml 
of IL-2 in tissue culture when semi-confluent ( 12 ) . ^ The 
irradiated tumor cells and genetically modified f ibrobljif ts 

5 will be placed in a final volume of 0.2 ml normal ^Ene 
for immunization. 

9) Dose Adiustmentfi 



At least two subcutaneous immunizations will be 
administered, two weeks apart, with irradiated tumor cells 
and autologous fibroblasts genetically modified to secrete 
IL-2 . If no toxicity is observed, subsequent booster 
immunizations may be administered periodically (at least 
one week apart) to optimize the anti-tumor immune respo^e. 

J) Treatment of Potential Toxicity 

Toxic side effects are not expected to result 
from these immunizations. However, potential side effects 
of these immunizations are treatable in the following 
manner: _ 



SUBSTITUTE SHEET 



wo 93/07906 



PCT/{JS9i/M999 



21 

If massive tumor cell lysis results, any 
resulting uric acid nephropathy, adult respiratory distress 
syndrome, disseminated intravascular coagulation or 
hyperkalemia will be treated using standard methods^ - 

5 Local toxicity at the sites of immunization will 

be treated with either topical steroids and/or «iStfical 
excision of the injection site as deemed appropriate*' 

Hypersensitivity reactions such as chills, fever 
and/or rash will be treated symptomatically with 

10 antipyretics and antihistamines. Patients should n^t be 
treated prophylactically. Should arthralgias, 

lymphadenopathy or renal dysfunction occur, treatment with 
corticosteroids and/or antihistamines will be instituted. 
Anaphylaxis will be treated by standard means such as 

15 administration of epinephrine, fluids, and steroids. 

EXAMPT^ TI 

fietroviral IL-2 Gene Transfer and Exp r ession 
Fibroblasts 

Retroviral vectors were employed to transfer and 
20 express lL-2 and neomycin phosphotransferase gantC. in 
murine and primary human fibroblasts. The retro«lral 
vector DC/TKIL2 produced by Cilboa and co-workers 
(Gansbacher, et al., j, Exp. Med. 172:1217-1223, 1990, 
which is incorporated herein by reference) was utiltat^ to 
25 transduce murine fibroblasts for application in an an|aal 
tumor model (see Section B below). Human f ibrobiaats "were 
transduced with the retroviral vector LXSN-EI-IL2. 
Schematic diagrams of the structure of these retroviral 
vectors are provided in Figure 1, A more complete 
JO description of the LXSN-RI-IL2 vector, including" its 
nucleotide sequence, is provided in Example III and in 
Tables 2, 3 and 4. 
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Following infection with the described vectors 
and selection for 2-3 weeks in growth media containing the 
neomycin analogue G418, Balb/c and human eabiyonic 
fibroblast culture supernatants were harvested and tested 
5 for IL-2 by an enzyrae-1 inked immunosorbent assay (BliSA) . 
Figure 2 depicts the levels of IL-2 secreted by the 
transduced fibroblasts . 

These results can be confirmed using negative 
control fibroblasts infected with an N2-derived retroiriral 
10 vector expressing an irrelevant gene such as lucifer|9« or 
B-galactosidase and studies with adult human fibroblasts . 

Biological activity of the IL-2 expressed by the 
transduced human fibroblasts was confirmed by a sell 
proliferation bioassay employing an lL-2 dependent Tipell 
15 line. In this assay, supernatant from the tzanadbiced 
fibroblasts and control unmodified f ibroblastsJlw"" 
incubated with the IL-2 dependent T cell line Cmi.-2. 
Incorporation of *fl-thymidine was measured as an indicator 
of cell proliferation and IL-2 activity (Figure 3), 

2° Efficacy Tiransduced Fibroblasts i n an Jteimal 

The efficacy of fibroblasts genetically modified 
to secrete IL-2 was tested in an animal model of colorwtal 
carcinoma. in these studies, the Balb/c CT26 tumor cell 

25 line was injected subcutaneously with Balb/c fibroblasts 
transduced to express IL-2. Control groups included 
animals injected with 1) a mixture of CT26 tumor celljf and 
unmodified fibroblasts; 2) CT26 tumor cells without 
fibroblasts and 3} transduced fibroblasts alone. No ttunors 

30 were detected in 3/8 animals treated with transduced 
fibroblasts and CT26 cells. in contrast, all untreated 
control anijnals (8/8) injected with CT26 tumor cells 
developed palpable tumors. No tumors were detected in the 
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animals inoculated with transduced fibroblasts without sGT2 6 
tumor cells. The mean CT26 tumor size in Balb/c mice 
injected with the IL-2 secreting fibroblasts -~ was 
considerably smaller compared to the control groups (Figure 
5 4 ) . A multivariate non-parametric statistical proctidure 
(Koziol, et al.. Biometries 37:383-390, 1981 and Kozibl~, et 
al., Coinputer Prog. Biomed. 19:69-74, 1984, whioh is 
incorporated herein by reference) was utilized to evaSSiate 
differences in tumor growth zunong the treatment groups. 

10 The tumor growth curves for the four treatment groups 
presented in Figure 4 were significantly diffitent 
(p=0.048). Subsequent comparisons between treatment groups 
revealed a significant difference (p < 0.05) in tumor 
growth between animals injected with CT26 tumor cells alone 

15 and animals treated with 2 x 10* transduced fibroblast* and 
CT26 tumor cells (Pigure 4). 

EXAMPLE III 

A. Project Overview 

Lymphokine gene therapy of cancer will: be 
20 evaluated in cancer patients who have failed conventional 
therapy. An H2-derived vector containing the necaotgycin 
phosphotransferase gene will be used. This vector has been 
employed by a number of investigators for in vitro and in 
vivo studies including recently approved investigations 
25 with human subjects (Rosenberg et al., N. Eng. J. Med., 
323:570-578, 1990). The lymphokine vectors used in this 
investigation will be generated from the N2-derived vector, 
LXSN, developed and described by Miller et al., Mol. Cell 
Biol. 6:2895, 1986 and Miller et al,, BioTechniques 7:'980, 
30 1989, which are incorporated herein by reference. The 
vector LXSN-RI-IL2 contains human IL-2 cDNA under""the 
control of the retroviral 5' LTR promoter and the neomycin 
phosphotransferase gene under the control of the {iV40 
promoter (see Pigure 1). The normal human IL-2 iMder 
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sequence has been replaced with a chimeric sequence 
containing rat insulin and human IL-2 leader sequences (see 
Tables 2, 3 and 4). This chimeric leader sequence enhances 
IL-2 gene expression. 

> To construct the LXSH-RI-IL2 vector,, the 

bacterial plasmid pBC12/CMV/IL2 (Cullen, B.R., dna 7l645- 
650, 1988, which is incorporated herein by reference) 
containing the full-length IL-2 cDNA and chimeric leader 
sequence was digested with fiindlll and the ends "were 
I blunted using Klenow polymerase. IL-2 cDHA was 

subsequently released from the plasmid by digestion with 
BamHI. The IL-2 fragment was purified by electrophoresis 
in a 1% agarose gel and the appropriate band was extracted 
utilizing a glass powder method. Briefly, the gel slice 
was dissolved in 4M Nal at 55"». After cooling ta-Jtocan 
temperature, 4 fjl of oxidized silica solution (BIO-lOl, La 
Jolla, CA) was added to adsorb the DNA. The silica 
ythen washed with a cold solution of 50% ethanol containing 
0.1 M NaCl in TE buffer. The DNA was eluted from the 
silica by heating at 55 » in distilled H,0. The purified IL- 
2 CDNA was then directionally ligated into the SEal-SajgHI 
cloning sites of the pLXSN vector. A more complete 
description of the pLXSN-Rl-iL2 vector and its pai^ial 
nucleotide sequence are provided in Tables 2, 3, 4, Whxui 
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—Bases 

1-589 
659*1458 

1469-2151 

1469-niS 
1647.1718 
1719-2151 

2158- 2159 

2159- 2503 
2521-2522 
2557-3351 
3370-3371 

3411-4004 
4073^074 

4074-6365 



D«aipilod of lh« LXSN-RI-nJ 
from position 1 to 6365 



Description - ^ 

Moloney murine sarcoma virui 5' LTR 

The sequence of the extended packasinc _ 
»|nal • * ^ 

IL-2 cDNA with chimeric leader scqueaoe~ 

IL-2 chimeric leader sequence 

codinc region of the signal peptide 

Malttic IL»2 coding sequence 

Mo mu sarcoma virus cnd/SV 40 start 

Simian vinis 40 early promoter 

Simian vims DNA end/Tn5 DNA start 

Neomycin phosphotransferase 

TnS DNA cnd/Moloncy murine leukemia 
virus start 

Moloney murine leukemia virus 3' LTR 

Moloney murine leukemia DNA end^pBia22 
DNA start ' 

nasmid backbone - 
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Table 3 
Position(s) 
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Aatl 
Aat2 
AccI 
Acc2 

AcyX 
Afll 

Afl2 
Afl3 
Ahal 

Aha2 
Aha3 
Alul 



AlwNl 

Aocl 

Aoc2 

Aosl 
ApaLI 



2751, 
4186, 



t 

3201, 
( 
( 
[ 

789, 
4017, 



2] 1961, 2481 : 

2] 811, 6295 ' 
1] 4252 

19] 392, 394, 445, 969, 971, 1193, 
3052, 3084, 3807, 3809, 4081, 4083^- 

4527, 5108, 5438, 5931, 6263 'I 

5] 808, 2685, 3860, 5910, 6292 

13] 260, 273, 328, 626, 756, 1277, 

3676, 3689, 3744, 4041, 5511, 5733 



4] 

2] 



34, 1064, 1955, 3446 
1592, 4480 



£ 
[ 
[ 

734, 
2500, 
3826, 
4784, 

t 

2529, 
5127, 

[ 

[ 

t 

2631, 
3841, 

£ 

f 



20] 161, 237, 473, 474, 602, 644, 
2689, 2849, 3578, 3653, 3888, 3889, 
4059, 4126, 4161, 4860, 5556, 5907 

5] 808, 2685, 3860, 5910, 6292 

3] 5239, 5258, 5950 

29, 33, 119, 190, 411, 654, 

742, 1470, I486, 1751, 1935, 2003, 2446, 
2791, 3249, 3441, 3445, 3532, 3607, " 
4069, 4122, 4141, 4422, 4648, 4738, 
5041, 5562, 5662, 5725 

20] 1110, 1414, 1665, 2018, 2147, 2160, 
2553, 2864, 2929, 3110, 4027, 5041, _ 
5129, 5225, 5226, 5689, 6006, 6010 

4] 231, 3572, 3647, 4896 

2] 847, 1076 I. 

19] 323, 413, 426, 597, 1583, 1721. 
2724, 2798, 2988, 3050, 3739, 3828, " 
4012, 4300, 4798, 5959, 6044 

2] 2787, 5595 

4] 1717, 4296, 4794, 6040 
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Apyl 

Agul 

Asel 

Asp700 

Asp718 

AspAl 

Asul 



I 

1275, 
2196, 
4629, 

[ 

[ 

t 

[ 

[ 

[ 

626, 
1532, 
3676, 
5733, 



22] 315, 623, 801, 
1295, 1325, 1526, 1536, 

2251, 2268, 3072, 3731, 
4642 



6] 
2) 

u 

2] 
1] 



241, 472, 
1801, 5545 
5972 

476, 3891 
1145 



1998, 



814, 1227, 1252, 
1558, 1630, 

4038, 4508, .:: 



3854, "^87 



29] 169, 200, 245, 

756, 826, 839, 1043, 
1649, 3201, 3541, 3586, 
3689, 3744, 4041, 5415, 
6349 



260, 273, 

1254, 1277, 
3616, 3661, 
5494, 5511, 



Aval 
Ava2 

Ava3 

Avr2 

Ball 

BamBl 

Banl 

Ban2 

Bbel 
Bbvl 



Bell 
Bgll 

Bspl286l 



[ 
[ 

3201, 

t 
[ 
[ 
[ 

3859, 
[ 

3841, 

[ 
t 

2800, 
4372, 
5600, 

t 
[ 

t 

2631, 
3841, 



6] 

13] 
3676, 

2] 

2] 

3] 

U 



241, 472, 1998, 3821, 3854, 3887 



260, 273, 328, 
3689, 3744, 4041, 

2232, 2304 

1962, 2482 

658, 1169, 2767 

2152 

1200, 



626, 756, 1277, 
5511, 5733 



9] 318, 476 
3891, 5321 



8] 413, 
4012 



426, 597, 



2684, 2719, 3734, 
1583, 3050, .1828, 



2] 



2688, 3863 



22] 969, 997, 1738 

2816, 2909, 3321, 4060, 

4390, 4809, 4899, 4902, 
5802 



2493, 2632, 2758, 
4131, 4228,- 
5108, 54llr- 



1] 
2] 



2526 
2435, 



19] 323, 413, 426, 
2724, 2798, 2988, 3050, 
4012, 4300, 4798, 5959, 
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597, 1583, 1721, 
3739, 3828, " 
6044 



BspBl 


[ 


3] 


5200, 


6208, 


6313 








BspHl 


[ 


41 


1501, 


2500, 


2572, 


2953 






BssH2 


[ 


4} 


392 


443, 


3082, 








BstE2 


[ 


1] 


1145 












BstHl 


[ 

1275j 
2196j 
4629, 


22 J 
, 1295 
r 2251 
, 4642 


315 
, 1325 
2268 


623, 801, 
, 1526, 1536 
, 3072, 3731 


, ^1558 


,^^1630 


1252 

it. 


BstUl 


[ 

2751, 
4186, 


19] 
3052, 
4527 


392, 
, 3084, 
5108 


394, 
, 3807, 
, 5438, 


445, 
3809, 
5931, 


r ^4081 


971 
, 4083 




BstXl 


[ 


1] 


2060 












BstYl 


[ 

5132, 


11] 
5218, 


2010, 
r 5230, 


2152, 
r 5998, 


2521, 
6015 


2856, 


3102, 


5121, 


B8U36I 


[ 


2] 


847, 


1076 










Ccrl 


[ 


1] 


1998 












Cfol 


[ 

2679, 
3314, 
4357, 
5503, 


31 ] 
2687, 
3809, 
4390| 
5596, 


^2751, 
3811 
4660^ 
5933, 


396, 
2788, 
3B62, 
4727, 
6265 


445, 
3054, 
4083, 
4827, 


447 , 
3084, 
4186, 
5001, 


714, 
3086, 
4216, 
5110, 


971, 


Cfrl 


[ 

3156, 


3183, 


656, 
5761 


790, 


1167, 


1188, 


2591, 


2765, 


CfrlOl 


[ 


3] 


3004, 


3185, 


5453 








Cfrl3l 


[ 

626, 
1532, 
3676, 
5733, 


29] 
756, 
1649, 
3689, 
6349 


169, 
826, 
3201, 
3744, 


200, 
839, 
3541, 
4041, 


245, 
1043, 
3586, 
5415, 


260, 
1254, 
3616, 
5494, 


273, 
1277, 
3661, 
5511, 




CvnX 


[ 


2] 


847, 


1076 










Ddel 


1076, 
3657, 
5330, 


23] 
1348, 
3698 
587oI 


75, 
1692, 

6296' 


165, 
2442, 
3967, 


191, 
3348, 
4290, 


282, 
3487, 
4755, 


553, 
3582, 
5164, 


047, 


Dpnl 


t 

2154, 
3026, 
5142, 
6000, 


30] 
2523, 
3104, 
5220, 
6017, 


95, : 
2528, 
3507, 
5232, 
6053 


1104, 
2547, 
4021, 
5337, 


L236, 
2858, 
5048, 
5678, 


1421, 
2936, 
5123, 
5696, 


1659, : 
3017, 
5134, 
5742, 


2012, 



SUBSTITUTE SHEET 



PCT/US92H99 



Dral 


I 


3] 


5239, 


5258, 


5950 








Dra2 


[ 


4] 


328, 


1277, 


3744, 


6349 






Bael 


[ 

3156, 


9) 

3183 


656, 


790, 


1167, 


1188, 


2591, 


2165 


Eagl 
Eco47I 


r 
I 

( 

3201, 


^ J 

13] 
3676 


260 
3689 


2591 
^3744 


328, 
, 4041 


626, 
, 5511 


756, 
, 5733 


1^77 


Eco52l 


r 


2] 


790, 


2591 








1 


EcoSlI 


[ 


21 


847, 


1076 










EcoNl 


I 


2] 


850, 


1450 








_:_ 


ECOO109I [ 


41 


328, 


1277, 


3744, 


6349 






EcoRl 


E 


1] 


1460 












EcoRl* 


t 

2064, 
5801 


141 
2121, 


938 
2236, 


^°2368, 


1460, 
2400, 


1798, 
5240, 


1805, 
5546, 


IS28, 


ECOR2 


[ 

1273, 
2194, 
4627, 


22] 
1293, 
2249, 
4640 


313, 
1323, 
2266, 


621, 
1524, 
3070, 


799, 
1534, 
3729, 


812, 
1556, 
4036, 


1225, 
1628, 
4506, 


12S0, 


EcoRS 


[ 


4] 


137, 


213, 


3554, 


3629 







Fdi2 
Fnu4Hl 



Fspl 
Hae2 



I 

2430, 
2789, 
3296, 
4404, 
5097, 

[ 

2751, 
4186, 

[ 

3009, 
[ 
[ 



2] 2232, 2304 
2] 2787, 5595 

*iL-, 986, 1191, 1752, 

2507, 2594, 2646, 2657, 2747, 2752, 

2830, 2917, 2920, 2923, 3159, 3255 

3310, 4074, 4120, 4217, 4270, 4386, 

4407, 4525, 4680, 4823, 4888, 4891, 

5425, 5614, 5764, 5791, 5886, 6115 — 

^IL. ^Ih 971, 1193, 

3052, 3084, 3807, 3809, 4081, 4083, 

4527, 5108, 5438, 5931, 6263 



13] 
3034, 



498, 1198, 1358, 1679, 2333, 2152, 
3912, 4168, 5339, 5520, 5807 

2] 2787, 5595 

4] 2688, 3863, 4358, 4728 
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30 



Hae3 


t 

840, 
1866 
2767 
4495, 
6350 


35] 

1045, 
1961 
3158 
4506 


171, 
1169, 
2423 
3185 
4524 


202, 
1190, 
, 2429 

' 4958 


247, 
1255, 
, 2438 

' 5416 


658, 
1534, 
, 2481 

' 5496 


792, 
1650^ 
, 2593 
3663 
5763 




Hap2 


[ 

2590, 
3X86, 
4160, 
5555, 


30] 
2667, 
3578, 
4687, 

5665, 


161, 
2689 
3653 
4834 
5907 


237, 
2717 

4860 


473, 
2848 

5050 


601, 
2938 
4058| 
5454, 


643, 
3005 
4126 
5488 


^789, 


Hgal 


I 

5169, 


8] 

5899 


455, 


707, 


960, 


1580, 


4175, 


4591, 


HgiAl 


[ 

4798, 


9] 

5959, 


413, 
6044 


1721, 


2798, 


2988, 


3828, 


4^00, 


Hhal 


[ 

2679, 
3314/ 
4357, 
5503, 


31] 
2687, 
3809, 
4390, 
5596, 


394, 
2751, 
3811 
4660^ 
5933, 


396, 
2788, 

4727,' 
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TTAATCACCA ATATCAAOCT AATACTTCTC CACCTAAACC CATCTCAAAC AACATTCAie 
OCCATCCCTC AAtTAGTOCT TATACTTCCA TTATCAACAC CTCCATTTee CrACACTTte TTCTAASTM 

>B«tIl 

3040 30S0 20«0 aOTO 3000 3090 tlOO 

•• fll m 

tCtCXATATO CTCAtCAOAC AOCCACCATT eteCAATTTC TCAACACAtC CAnACCTtT tCtCAXHeA 
ACACTTATAC CACTACTCTC TCCCTOCTAA CACCTTAAAO ACTT6TCTAC CTAATGCAAA *CACtt«OBT 



>tatTl 

>K»-K<iSV,DIU_«n4/tUiu_virui^iO.OI(A_lt4rt 

8110 nao aue sue use | silo tiio 



IS^ISISif TAArrAACW CRCOCACIT AAAACATATC AGCAtOOeGT CSOOAiilK 

MtMWVK TCATTCAACr ATTAATTCAC CAAeGCTCAA TTTteTATAO TCCTAOCOeX CAOC^L: 
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>lftp« 



}>30 



33 «0 



tCTCACTTAC CCTCTCCAM CTCCCCACCC TCCCCXCCAC CCwLm:TAT GCMACCATC cLiJ^Z 
ACACtCAATC CCACACCm e«««««CC ACCCCTCCTC CCtCTTcSI SSJ^H SlSglS 



>lliLl 

' I 
>Splil 

JCTCXCCAAC CACCTOTeCA AACTCCCCM CCTCCCCACC KGCCMMAT A«m*eei[ tXJL^ 
tCACTCCms CtCCACACCt OCMCCCTCC tCCCtcJS JIS^ ISIS^ 



>330 



TTftCTCACCA ACCATMTCC OCCOCCTAAC tCCCCCCATC COCCCCCTAA muxol ««vJL^I 
AA»CACT«T TCCTATCACC OCCOCCATTC AC«»CCT« SSSSn SS^I 

."J! j"« uti 

»««oococ ATCecNMT Mtrmm AmAi«eAo accc^accI cooc^ecoe^ T«eL»» 

»CA«»««OC TACCCACWA WAAAAAAAA TAAATAOQIC tSSSS SSSS ISSS^t 
>ttjl 

-I 
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34«0 soft 34» |] 3490 3500 3S1Q| HiO 

• • • • t * ^ » • ky* » » * 

tCCACMCTA CTCACCACCC TTTnTGCAO CCCTAGCCTT TTCOAXAAC CTTCCCCTCC I10CTQCACGC 
ACCTCTTCAT CACTCCTCOC AAAAAACCTC OCCATCCCXA AAOCTTTTTC CAACCCCAOC TCGMSCTCCC 

>t«n ~- 

>XhOi 

>t*tyi 

La t Mjr Iru «_Om_«nd/TAS^DiU_at Art 

f |as30 3S40 asso 

T • • • • • 

eCATCTCATC AACACACACe ATCACCATOC TTTOCC ATO ATT CAA CAA GAT «CA TTC CAC CCA «6r tCT 
CCTACACTAC TTCTCTCTCC TACTCCTACC AAACOC TAC TAA CTT GTT CTA CC9 AAA tmtOGt CCA ACA 
M«t XI* clu cm A«p Clj UV iM'UA eiy t«r> 



>t4*| - - 

Xtwl 

aS90| 2 too 3U0 sue 3«30 3140 ^ 3CS0 

• • •••• • t* • • 

eoe eCC OCT 1«e GTQ CAO AOO CTA nC «GC TAT CAC TCC CCA CAA CAO ACX At? ««c Tce Tcr 
Cee ceo OCX AOe CAC CTC tec «At M4 coo ATA CTO ACe GOT OTT «TC KT tM «0a tM MA 
>ro Ala AU rrp VaI «U Atf U« rb« 9lj tyt A*p Trp Ala Ola Cla Thr tla Clf cys ••r> 

>Raa3 

>R«rl 

* ■ 
>Aeyl 



>Aha3 
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CAT CCC COC «T0 nc ceo CT6 TCA CCO CA9 ©CW OCC COO CTT CTT TTI CtC MAa jkOC CAC CtC 
CTA oee OOO CAC XM CCe CAC ACT GOe CTC CCe G06 CCC CM CAA MA CAC rjlt-VSQ cm CAC 
Asp Al* At« V*l ftf Arg Uv Smc Ak« «in cly l*« V«l LyvTthr A*p L«<i>' 

>iii!il 
>cfrl 



tee OCT CCC ere mt cm ctc cac cac cao cca cog occ cta tcc tco ctc ecCzAoo aco cec 

AOO OCA CCC CAC TTA CTT CAC CTC CTC CTC OCT OCC CCC CAT ACC AOC CAC COO^i^'toe tCC CCC 
S«c Clr Alt L«u Aan Clu Uu ClA Asp Clu Alft Al4 Arg Lea S«r Trp Uti A]l«Lt1>r Thr Cly> 



>rtpi 

>Ao«l >TthlllX 

>r4ii >mii >N9iAi 

>H9\X >Ktpl3 I >Ka«: 
ITtO )37«0 t 3tOO) 

• •V*T«T**V* • • • • • • • 

CTT CCT TCC CCA OCT CTC CTC CAC CtT CTC ACT CM COC CCA ACC CAC TCC CTft «A tTC CCC 
CAA CCA AOC OCT OCA CAC CAC CTC CAA CAC TCA CTT OCC CCT fee CTC ACC CAC CAT AAC COC 
Val Pre Cyt hU Alt va Uu Atp VaI Val Thr Cl« Alt Cly Ar^ Aip trp Lei* U« 1«« Cly> 



>i»tn 

>Ael >ltpU ■ 

3«Se I aCM I MTO 

• • • ^ 9 m 

CAA OTO COO COO CM «» CXC etc TCh TCT CAC 
CTTCACGCeeoCCteiCTACMOACMrMAOTO 
Ola VAl »ro Oly OU Asp Uu U« <«r Cor It* 



• • • * *^ • 

CtT OCT OCT «Ce CAC AM CTA tOC ATC ATO 
CAA CBA OCA coo CfC m CAT MO TM TAO 
U« »l« Fro AlA CU Lya VAiiSlv lU ltot> 
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aflo a«ae avso 3940 atso ) tm 

• • • • • .■■„,::.::,# • 

ecT CAT CCA ATO coe eeo CTC CAT AOS err cxT COO OCT Acc Tce CCA nc cAjgyeAe caa coo 

eOA CTA OCT TAC OCC OCC CAC CTA TCC 6AA CTA C6C OCA TCC ACC CCT KAO Ct« CTQ CTT 06C 
Ala A«p AU M«t Ar« Arf L«u Mi* Thr Lau Aap »ro Alft Thr Cyt »ro »ht A«f IIU Cln Al«> 

>K9U1 



39T0 


3««0 


a«»o 




3000 




1 aolo 


soao - 


1030 
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»• • 
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AAA CAT OCC 


ATC CAC OCA 


CCA OCT 


ACT 


oca ATC 


CAA 


COC CCT CTT 


etc CAT CAC-CAT 


CAT CTC 


TTt CTA COS 


TAO etc CCT 


OCT CCA 


TCA 


COC TAC 


CTT 


OCC CCA CAA 


CAC CTA CTC m 


CTA CAC 


tyc mi Ar« 


Zla Citi Ar9 


kU Ar« 


Thr 


A«9 K«t 


Cln 


Ala Cly Uh 


V*l Aap eitl Afp 


A«p t«U> 
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~C^ppsa«)i 
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30» 




3( 


>«0 1 30*0 


















CCC 


CCA CCC 


CAA 


CTC 


TTC CCC 


ACC 


CTC 


AAC eCO «»e ATC CCC 


OCC 


CCT OCC 


CTT 


CAC 


AAC OCC 


TCC 


CAC 


TTC CCC COB TAC CCC 


Al» 


fro Alt 


ClH 


Uu 


rh« Ala 


Arg 




tyi klUmt Ntt rco> 



>Xbe3 >llcoI >Cfrl 

>l«ttl >$tyl 

3100 ) 3110 |3iaO 3130 3140 3110 | 
*V* t ay* • • • • • • 

; cee cac cat ctc ctc ctc aoc cat gcc cat cce tcc ttc coe aat atc atc «T6 caa aat 
» oea ere cta cao cao cac too otj^ coe cta cee acq aac cce m tac tA6 |9te ctt tta 
» «ly civ Aip Uc TAl Val Thr «!• Cly Atp KU Cyt t«u Pro Aaa It* Mtiifit Ola Aart> 
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>crriox 

>Cfcl 

3iao I \Mo )aoo| 



«cc eec t« wt «u TTC ATC cjm: t«t ecc ceo CTC «t cw c« cjc o« 
ciy Ar« rh* »« eiy »>» ^'P «y* 



t ccc «AA w« ecT exe es&e ttc CTC «T6 

i CCe CR AOe OCA CTC ©CB^O CAC CAC 



• 


• 


• • • 




C06 


TTG OCT 


AOe OCT CAt ATT 


CCT 


coc 


AAC OCA 


roc CCA CTA TAA 


CCA 


Ai* 


L*u Aift 


Thr Ar« Aap 11* 


Al« 














• « 




err 


TAC OCT 


ATC COC CCT CCC 


CAT 


CAA 


ATC CCA 


TAG COe OCA CCC 


CTA 


V9 


tyr cly 


It* Alt AU »re 


A«p 



» TAG eee AAC ATA COS m CAJi fte ere aas 



,3si M«0 1170 «W >«00 «» 

• • i; • • 

ttC tCA COCCCACTC TCCCCTTCCA TAAAATAAAA CATmATTT ACTCWCACA »>**eOCOgS *ATC A A ACA C 
MM ACT CCCCCWAC ACCCCAMCT ATTITArm CTAAAATAAA TCACMCTCt TTTIOCOOS?^ mCTTtCJC 
the Ka4> 



>Ari3 

3430 3«0 I J4S0 34«0 34»0 14M 1490 

• • • * 4 4 • • • 

COCAOCTOTA CCTTTGCCAA CCTAOCXTAA OTAAOCOCAT TTTCC AACCC AT CCAAAAAt ACATMOCA 
CCCTCCACAT OCAAAOOBIT CCXTOCAATT CAITCOCCTA AAAOCtTCOO TACCTTTTtA tCtAXIQACT 



>ii«pta 

ssoe ni9 JMO jsjo | is4o «so | 4$«o 

CMTAfiAOM CTTCAOATa ACCTCAOGAA GAOATOCAAC MCTCAATAT OOCCCMACA 0eAT»CT0t 
CRATCTCn CAACTCTACT TOCACTOCR GTCTAOCTTO TOCACTTATA CCO90III0I KO^^ff^^MX 
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>Nap«S 

^*!**» >^^» >tco„ 

CCtAACCACT TCCTCOCCOC CCTCWCflCC AACAACAGAT CCAACACCIC AATATCCCCC AAi^fiACCATA 
CCATTCCTCA AGCACCCCCC CCACtCCCCC ITCrrCTCTA CCTTCTCCAC TTATACCCftJ TC^CCTAT 



>AlvNl 

J«40 USO J6£0 3(70 3eeO 3690 3700 

•• •« 

TCTCTCCTM CCACTTGCTC CCCOOCCTCA CCCCCAACAA CACATCCTCC CCACATCCCfl TCCAOCOCTC 
ACACACCATT OCtCAAOCAC OCOCCCCAeT CCOCCTTCTT CTCTACCAti« eciCTAOOOC ACQTCCOCAC 



>tC0Ol0«Z 
- I 

>rf>uNi 

**^*» >MAl >StYl 

J no 3130 37JO I 3T40 | 37Se 17M " )7>e 

iSSJITIf! ttCAtCTTtC CMMMTCCCC CAACCACCTG AAAICACCCT tViskttkn 

TOCTCAAACA TCXCTTCCTA CTCTAMMG CTCCCACCOO CttCCTCCAC TTTACTCGeA CAOQ^IMTAA 
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^l__r ~»*ww*jvM vnvnwTT Vl^rruucoC CCTTCT6C1C eeoCAOCNA AfAAAKSiae 

ACIWATTCC rTACTCAAOe CMOAecCAA CACAAOCOOO CCAACACCAe CCCCICCAOT TAttmOO 
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"40 SOSO S0<0 1010 SOOO 50« : 9100 



eceCAAACM ACCACOCCIC CTACCCCTCC TTTTTTTCTT MOIMSCMC 
TCrCAACCAT CCACAACTM CCOOTTTCTT tCCTCCCCAC CATOCCCACC AAAAMACAA A»il66T00 



«"« I »»0 I 1140 51S0 SICO IITO 

• • • • • • • i* »• 

ACAltAOeOC CACAAAMM CCATCTCMO AMAIOCm CATCTTTTCr A0CCGCTCT6 AOO^GTC 

rcTAAToccc CTcrnrm cciacaottc ttctaccaaa ctacaaaaca tcocccacac TcogprcAC 



>Xho2 >Bitn »»r«l 

****** >*'m >»phl >Xhe3 >Afi«J 

^ S«0 I ^ S1«0 ^ S200 $310 |»Lo S2J0 S340 

CAAOCAAAAC TCACCTTAAO CCATTTTCCT CATCXCAm TCAAAAACCA TCtTCACCTA CAfCi^TTlA 
CTTCCTTTTC ACtCCAATTC CCTAAAACCk CTACTCTAAT ACnTTTCCT ACAACTCCAT CTA^f^AAAt 

>Or«l 
>Ah«9 

1350 S3«0 i3)0 tllO »290 S900 luw 

•• •« «• ^ - 

ttrt^^ eAACmTAA ATCAATCTAA ACTATATAT8 ACTAAACTTO CTCNACAOT fj 
TTAATTTTTA CnCAAAATT TAGmCATT KATATATAC TCATTTGAAC CAOACTCTCA At 

saso I S3M s)4e dso sjoo | sjio |»e 

• • • •;. « 

TAATCAeXQA CCCACCTATC YCACCCAtCY CICtAmOO rXCATCCATA CTTCCCWAC TCCOC C icCt 
A1TACTCACT ecCTCCATAC ACTOCCTACA CACATAAAOe AACTACCTAT CAAOCWACSC h'tVf^mvliCK 



l»J 1400 HtO |4aO 1410 1440 \ 



AOCATACCCC AOOCCITACC ATCTOCCOCC AOTCCWCAA WATACOCCC ACAPOeMCe 
CATCTATTCA TOCTATCCCC TCOCCAAtCC tACXOCCOOC TCACCACCTT ACTATGCCCC tCTCOCTCCO 



XfrlOZ 



I S4«0 too MM $410 I »S00 ISIO «tM 

* • • • •* *£ 

WjeCCOCtC CACATtTATC AQCAATAAAC CAOOCACOS CAAOGGCOCA CCCCACAAeT < 

MTcceecAe ctctaaatac ToonAme cTOBctoece cttceccccT wootcttca < 
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CTTTATCOGC CTCCATOCM TCTATTAXTT OTTCCOeeCA ACCTACACTA AeTACXTOGC GAGTTlAtM 
'""*"*^'^ CAOCTACOTC AOATAARAA CAAOCCCCCT TOCATCTCAT TCATCAACOO OTCAKmTC 



>Ha«3 
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>T»pl 

>Matl 

I s«oo 



mececAAc encneecsA ttcctccacc catoctcctc TCAoecroct ocnreeTAT ccctu^nc 

AAXOCOCTT6 CAACAAOCet AAOCAOetCC CTACCACCAC ACICCCACCA CCAAACCATA COCAAttTMC 



SS7Q SMO SitO $700 1710 S730 IMO 

•• t» at 

ACCTCeCCTT CeOAOGATC MCCCCACTT ACATCATCCC CCATCTTCTC CAAAAAACCC CTTAOG^N^ 

TocAGcccAA econccTAc trccccTCAA TcTACTAcec coTACAACAC ctTTmcce eAATcejiiiA 

>I«1 >cfrl 

»740 I S7S0 Stie I f770 S7I0 S7fO |»00 

TOq«T«CTCC OATCemiC ACAACTAAOT TCCOOCCACT cnATCACTC ATeOTTATOC CACCAC^K)^ 
AOCCACCAOe CTAGCAACAe tCTTCATTCA ACOCCCCTCA CMTAOTCAe TAOCAATAOC CT06T<jM»r 

>sett >iiphl 

5110 SI30 $M0 st4e SISO | SSCO file 

• * •• • 

tAATTCTCTT ACTCKATCC CATCGCTAAO ATCCmXCr CTCACTCCTO ACTACTCAAC CAAATCMfC 
ATTAACACAA TCACXCTAOC CTACCCATTC TAOCAAAAGA CACXCACCAC TCAZGACtTO CTTCAOTAAO 
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To generate the LXSN-RI-IL2 retroviral vectox^^ 10 
micrograms of pLXSN-RI-lL2 DNA was trans fected into'^lhe 
ecotropic packaging cell line PE501 by standard calcium 
phosphate precipitation methods (Miller et al., Mol. ii^^li 
Biol. 6:2895, 1986). The transfected PE501 cell lin^airas 
grown in DMEH mediom with 10% PCS. The medium was chi^^d 
after 24 hours and supernatant harvested 24 hours lateaf to 
infect the amphotropic packaging cell line PA31X-"-as 
described (Miller et al., Mol. Cell Biol. 6:2895, iSi^i^d 
Miller et al., BioTechniques 7:980, 1989). The ini«Sed 
PA317 cells were harvested by trypsinization 24 hours leSer 
and replated 1:20 in DMEM containing 10% PCS and ^^he 
neomycin analogue G418 (400 }ig/ml) . The cells were gr^wn 
at 37«C in 7% COj atmosphere. The selection medium was 
changed every 5 days until colonies appeared. On dagljl, 
twenty colonies were selected, expanded and tested ^Jsr 
viral production by standard methods (Xu et al., Viroli^ 
171:331-341, 1989). Briefly, supernatants were harve«iid 
from confluent culture dishes, passed through a .ii'^jm 
filter, diluted with DMEM with 10% PCS and utilized :to 
infect NIH 3T3 cells in the presence of 8 /ig/ml polybf#^a. 
After 24 hours, the infected NiH 3T3 cells were grown ^in 
culture Btedium that contained the neomycin analogue (3418. 
After 12-14 days, the colonies were stained, counted ^lad 
25 the viral titer calculated as described (Xu et al,. 
Virology 171:331-341, 1989). 

Colonies with the highest viral titers {>H)* 
infectious units/ml) were tested for 11,-2 expression 
Northern blot analyses. Colonies with the highest viyil 
titers and documented lL-2 expression were cryopresedid 
and will be utilized as stock cultures to produce the Lx|if 
RI-IL2 retroviral vector trial. 
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RETROVIRAL VECTOR CONST RUCTION AND CYTOKINE EXPRE^jjpW 

To increase IL-2 production by transduced cell 
lines, vectors were used containing different proittOt«r» to 
S drive IL-2 expression, and a human IL-2 cDHft."" was 
directionally sub-cloned into the insulin secretory signal 
peptide ( 17 ) . The IL-2 cDNA was directionally sub-j^Iioned 
into the parental plasmids of the LXSN (LTR promoter)^ and 
LNCX (CMV promoter) vectors (gifts of Dr. A.D. Miller) 

10 (18). The newly constructed vectors (Figure 1), designiated 
as LXSN-IL2 and LNCX-IL2, were packaged in the PA317 cell 
line for production of retroviral supernatant. :As a 
control, the high level expressing, double copy vector 
DC/TKIL-2 vector (thymidine kinase promoter) (a gift of Dr. 

15 E. Gilboa) was used for comparison. 

These vectors were used to transduce a number of 
murine and human, primary and established cell lines. 
Pools of transduced cells were selected and expanded in 
DMEM medium, containing 10% fetal bovine senan (PBS) and 
20 400 fig/al of active G-418, a neomycin analogue. The 
results of expression studies in the MCR9 and Balb/e 3T3 
cell lines are presented in Table 7. 
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Table 7 



Comparison of IL-2 expression by fibroblasts 
transduced with different IL-2 vectors. 



nq II'-Z Units 
Fibroblast Vector per 10* cells per day -f^ 





Murine 


LNCX (Control) 0.4 


±50% 


<1 




10 




LHCX-IL2 33.7 


±11% 


67 








LXSN-IL2 6 . 6 


± €% 


13 








DC/TKIL-2 1 . 9 


± 5% 


4 






Human 


LXSN (Control) 0.7 


±29% 


1 








LHGX-IL2 159.5 


tl7% 


319 




15 




LXSN-IL2 25.5 


±15% 


51 








DC/TKlL-2 3.0 


±10% 


6 
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EXAMPLE V 

FI9RQBIAST CULTURE A ND CQNDITIQHS FOR RETROVTIU^ y""^ 
TRAMSPnCTIOW 

The culture conditions for the grovrtih of priniary 
5 fibroblasts retroviral transduction were optimtssftd. 
Primary fibroblasts were successfully cultured. '.the 
optimal conditions enable the growth of approxiinataly"r3-4 
X 10< primary fibroblasts from a 12 mm' skin biopaj^ in 
approximately 4-6 weeks. Retroviral infection, 13418 
0 selection, and expansion of the genetically modified 
fibroblasts takes an additional 4-6 weeks. 



Exploring the conditions for genetic modification 
of primary fibroblasts suggests that optimal transduction 
may be obtained by the following procedure: The fibroblasts 
are synchronized in 61 phase by serum starvation, followed 
by stimulation with medium containing 15% fetal bi|ine 
serum 15 hours prior to transduction. The cells are then 
subjected to 2 cycles of retrovirus infection, each cycle 
lasting approximately 3 hours. The cells are refad with 
fresh media overnight, and then selection in G41B -is 
initiated the next day. This method is capable ^ of 
transducing 5-15% of the fibroblasts in a cultj^, 
depending on the multiplicity of infection. 

This procedure was used to transduce a large 
number of primary and established fibroblasts. As an 
example. Table 8 compares the expression levels of IL-2 in 
fibroblast lines transduced with LXSN-IL2. 
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Table 8 



Expression of iL-2 by fibroblasts transduced with LXSH?!^;iL2 . 



Fibroblast 



no IL-2 Units ILw2 



^^ne Species Origin per 10* cells per day 

Balb/c 3T3 Murine Transformed 6.6+6% 13^ 

MCR9 Hmnan Embryonic 25.5 ±15% 51 

NHDF 313 Hwnan Skin 25.0 ±10% 50 

'^Tl Human Skin 15.0 ± 5% 3fr 



These results indicate that the IL-2 expreasion 
levels in established, embryonic, and primary fibroW-ast 
cultures are similar. Comparison of these data with "Pable 
7 suggest that IL-2 expression is affected more by factors 
such as different promoters than by the fibroblast -iine 
used. Similarly, changes in culture conditions can have 
important effects on IL-2 expression. Table 9 shows ifcfaat 
transduced GTl cells, a primary human fibroblast culture 
expressed 15-fold more IL-2 under 100 }jq/ml G418 selection 
than under 25 ;jg/ml 6418 selection. Several other pri^Bary 
fibroblast lines have also been transduced with our vectors 
and are currently growing under G418 selection. ,1 
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Effect of G418 concentration on IL-2 expression by ®*1 
□ells transduced with LXSN-IL2. 

Selection dose ng IL-2 secreted 

of G418 per 10* cells per day'I. 



25 yq/ml 


1.0 




10% 




50 ng/ml 


3.0 


+ 


6% 




100 }jg/ml 


15.0 




5% 




*After three weeks of G418 


selection. 









15 CQMPfljtlSQW QF IL-2 E«PRE?giOM i£VEi^ HillDtiggP 

PERIPHERAL BLOOD LYtiPHOCyTES AMD !_ 

GE;MgTTCftLi,Y modified fibroblasts 

In order to compare the production of IL-2 by 
genetically modified fibroblasts to that achieved by 

20 stimulating normal human peripheral blood lysphdk^es 
(nPBL) in vitro . nPBL were isolated by Ficol-Paque dftitity 
centrifugation, and cultured in the presence of alloejftneic 
nPBL (mixed lyn^hocyte culture, MLC) or 2 juH calcium 
ionophore (CI) (A23187) free acid) plus 17 nM phorbol 12- 

25 myristate 13-acetate (PMA) . The results of this 
experiment, present in Table 10, indicate that the level of 
IL-2 expression in the PMA/CI stimulated normal T.cell 
population was 2 ng/lO*^ ceIls/24 hours. This is eguivjtlsnt 
to IL-2 expression by Balb/c 3T3 fibroblasts tran«4ttced 

30 with DC/TKIL-2 (Table 7), our least productive vector. The 
level of IL-2 expression in the MLC was 130 pg/lO* cells/24 
hours. This was lower than the PMA/CI stimulated cuXl^e, 
presumably because PHA/CI induced a nonspecific xmrn^cmaB 
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while MLC resulted in specific Th stimulation. When the 
estimated percentage of antigen-specific Th in the HLC- 
stimulated population is taken into consideration^ the 
level of IL-2 expression per stimulated T ceil l»ej£Omes 
equivalent for both methods. 



15 



Table 10 

Levels of IL-2 secretion by different cells. 



Cells 



pg IL-2 secral 
per 10* cells per day 



Lymphocytes : 










Control (non-activated) 




5 


± 


50% 


PM& + Calcium lonophore 


2 


,000 


± 




Mixed lyn^hocyte culture 




130 


± 


90% 


Transduced fibroblasts: 










MCR9-LXSN-IL2 


24 


000 


± 


5% 


MCR9-LNCX-IL2 


162 


000 




20% 


MCR9-DC/TKIL-2 


10 


000 


± 





EXAMPLE VI T 



FIBROBLAST MEDIATED CYTOKINE GEKE THERAPY ^ 
IM MURINE TUMOR MODELS ~ 

Two experimental protocols were used to stttiSS^the 
efficacy of fibroblast-mediated cytokine gene therapf on 
induction of anti- tumor immunity. The first protocol was 
designed to test the effects of genetically modified 
fibroblasts on tumor implantation, while the second 
protocol was designed to induce a systemic anti-tumor 
immunity. The results of each experiment are presented 
with two figures and one table. In the first figure, the 
rate of tumor growth for each treatment group is presented 
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as the mean tumor size in the group over time. ^1 the 
second figure, a Kaplan-Meier curve presents the time of 
tumor onset for the individual animals in each treatment 
group. The number of animals, the number and percentage of 
tumor free animals, and the tumor size distriljution 
patterns for each experiment are presented in a tablfti 

EXAMPLE VTTf;.^ 

EFFgCT OF FTRHOBTAST MEDTATPi n CYTOKIME flKWF 
THERAPY QW TUMOR TMPLAHTATIOM 



Mice were injected subcutaneously with miattures 
of 5 X 10* CT26 cells and 2 x 10* fibroblasts genetically 
modified by different retroviral vectors to express IL-2. 
In the control arms injected with tumor cells only, or with 
tumor cells mixed with unmodified fibroblasts, 31 of 33 
animals (94%) developed tumors by 4 weeks (Figures 6 fpi 7, 
Table 9). in contrast, 22 out of the 34 animals "-|*5%) 
receiving fibroblast mediated cytokine gene thera&»ateere 
tumor free at 3 weeks, and 5 animals (18%) remain "tmnor 
free after 12 weeks. Those animals that received 
fibroblast mediated IL-2 therapy and developed tumor w«re 
characterized by a delayed onset and rate of tumor growth. 
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After 3 weeks the mean tumor size (measazpi as 
the product of the longest and widest tumor axes) is the 
control group of mice was 128 mm', compared to 68 and ? mm^ 
in groups of mice injected with tumor cells mixed %ith 
i fibroblasts transduced with DC/TKlL-2 or LNCX-1L2, 
resp«ctively. This resulted in a highly significant 
difference (corrected x' « 18.69, p - 0.001) between „ttfe|L JL- 
2 treated animals compared to the mice treated wiH^eT26 
alone or CT26 mixed with unmodified fibroblasts. ^ter 
four weeks the equivalent measurements were 373,300 and 72 
flffli= (Table 11). It is notable that UJCX-IL2, the highest 
expressing vector caused substantially greater inhibition 
of tumorigenicity than the lower expressing vector DC/TKIL- 
2. A multivariate non-parametric statistical procredure 
(19,20), utilized to evaluate differences in tumor grpifth, 
demonstrated that after 4 weeks the differences between the 
growth curves for the four groups presented in Figijre 2 
were highly significant (p < Q.OOl). Subse^ent 
comparisons between the control arm and animals "^hat 
received tumor cells mixed with IL-2 transduced fibroblasts 
revealed a significant difference {P < 0.05). fl?he 
differences between the animals injected with tumor ejells 
alone, and those injected with tumor cells plus unmodified 
fibroblasts were not significant, while the differehees 
between animals receiving low lL-2 expressing fibroblast, 
and those receiving high IL-2 expressing fibroblasts was 
significant (P - 0.05). 



When mice were injected with 2 x 10* BO(i|,||.ed 
fibroblasts mixed with 1 x 10» live tumor cells the resalts 
became more striking (see Figures 8 and 9, and Table 12). 
All the control animals developed tumors after 4 w^^^lcs 
whereas 33% and 27% of the animals treated with fibroblasts 
modified with the DCTK-IL2 or LXSN-IL2 vectors 
(respectively) remain tumor free after 7 weeks _lthe 
experiment is ongoing). More dramatically, 75% of "the 
animals treated with fibroblasts modified with the highest 
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IL-2 producing vector, LNCX-IL2, remain tiunor free after 7 
weeks. These data clearly demonstrate the importance of an 
initial high dose of lL-2 to prevent tumor establisifflwnt. 
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As an additional control, mice were inject^^th 
CT26 cells genetically modified to express IL-2 (results 
not shown). Injection of up to 1 x 10* IL-2 expres-Bxng 
tmnor cells into Balb/c mice failed to produce tumors. 
5 Injection of higher numbers however, resulted in «ome 
animals developing tumors with delayed onset. These data 
confirm the results reported in the literature ( I > » . In 
order to conipare the efficacy of IL-2 producing f ibroblmits 
to IL-2 producing tumor cells, we mixed 2 x 10' CT26 tiimor 

10 cells modified with the DCTK-IL2 vector with 1 - X-zrlO' 
unmodified tumor cells. Figures 10 and 11, and Table 13 
show that DCTK-IL2 modified tumor cells are soiawirttat 
effective in preventing tumor development. Four weeks 
after injection, the mean tumor size for the treatment arm 

15 is 303 mm', compared to 620 mm' for the control arm. After 
22 weeks, one animal (10%) remains tumor free, compared to 
none in the control arms. Data for animals treated under 
the same conditions with DCTK-IL2 modified f ibroblasti in 
a separate experiment are included for comparison purposes. 

20 This comparison suggests that DCTK<-IL2 modified tumor cells 
have an effect on tumor esteUslishment similar to thai^ of 
DCTK-IL2 modified fibroblasts. Li 
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EXAMPLE vrrfh\ 

EFFECT OF FIBROaiAST MEDIATE CYTOKIME GENE THER^ f 
ON SYSTEMT C AMTI-TUMQR IMMONITY 

Groups of Balb/c mice were immunized with 
5 2.5 X 10" irradiated tumor cells either alone or mixedg^ith 
2 X 10* transduced or unmodified fibroblasts, and chalffiged 
one week later with 5 x 10^ live tumor cells in the oppe^ite 
flank. These results (Figures 12 and 13, and TablA^ 14) 
demonstrate that immunization with irradiated tumor cells 
10 and transduced fibroblasts protect some animals against a 
live tumor challenge, but that the protection is only 
slightly better than that achieved by immunization -with 
irradiated tumor cells alone or irradiated tumor cells 
mixed with unmodified fibroblasts. 
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In a second protocol similar to the one de«i^|i>ed 
above, animals were challenged with fresh tumor ceil« two 
weeks following immunization with irradiated tumor^cells 
mixed with fibroblasts. The results, shown in Figuris 14 
5 and 15, and in Table 15, demonstrate that DCTK-IL2 modified 
fibroblasts mixed with irradiated tumor cells coders 
superior protection to subsequent tumor challenge 'than 
irradiated tumor cells alone, irradiated tumor cells [iixed 
with unmodified fibroblasts, or irradiated tumorS^lls 
10 mixed with LNCX-modified fibroblasts. After 7 weeks, "^even 
of ten animals (70%) treated with DCTK-IL2 modified 
fibroblasts remain tumor free compared to only one thitd of 
the control animals. At four weeks the mean tumor size of 
this group was 41 mm^ compared to 180, 170, and 140 mm' for 
15 the three control groups. Animals treated with LNCk-IL2 
modified fibroblasts were also protected against subsequent 
tumor challenge, but the results were less striking.; In 
this group, 54% of the animals remedn tumor free ajBli? the 
mean tumor size for the group at four weeks was 86 mih=^,~.:The 
20 number of tumor free animals in the group treated with 
LXSN-IL2 modified fibroblasts was similar to the .c^>itirol 
groups, although the tumors were slightly delayed iii^'pieir 
onset. A multivariate non-parametric statistical prbsftiire 
(19, 20), utilized to evaluate differences in tumor oiliet, 
25 demonstrated that the differences for the six Arms 
presented in Figure 15 were significant (p - 0.012). It 
further showed that the saline control arm and the Arms 
that received irradiated tumor cells alone or mixed with 
unmodified or LNCX vector modified fibroblasts fori^ a 
JO statistical group. A second, distinct statistical gtoup 
was formed by the three arms that received IL-2 vftlltor 
modified fibroblasts mixed with irradiated tumor cH^l«. 
Subsequent comparisons between the saline injected coSlrol 
arm and animals that received tumor cells mixed with'^IL2 
15 transduced fibroblasts revealed a significant differeace 
for all vectors (p < 0.05). 
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These results demonstrate the feasibility of 
using genetically modified fibroblasts as a meiiis of 
delivering cytokine gene therapy. In all experiments^ the 
LNCX-L2 vector proved superior in preventing j stumor 
5 establishment while the DCTK-IL2 vector was better the 
induction of systemic protection against subsequent tumor 
challenges. These contrasting effects, although sii^twhat 
surprising, can be explained by the observation thai the 
CMV promoter is turned off in vivo five day s . " :iif ter 
10 implantation while the TK promoter remains active 'iSbr a 
longer period of time. The implication of this finding is 
that to apply this method of gene therapy successf ally we 
have to use promoters that result in high level, sustained 
expression of IL-2 in vivo in the transduced fibroblasts. 

Tlie data obtained from this research effort has 
important implications for all cytokines that have either 
direct or indirect anti-tumor effects. Furthermore, this 
data suggests that anti-tumor efficacy is IL-27rtiose 
dependent. Hence, construction of vectors which res»it in 
20 higher levels of cytokine secretion will be a signiiicant 
advance toward the application of this method of gene 
therapy. -i. 

Heference numbers in parenthesis in the-^ibove 
examples correspond to the following list of ref erene^i and 
25 are incorporated herein by reference. 
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Although the invention has been described^: with 
reference to the presently-preferred embodiment, it- should 
be understood that various modifications can b^ made 
without departing from the spirit of the invention. 
5 Accordingly, the invention is limited only by the following 
claims. 
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WE CLAIM: 

' and ganma-interfeiron. ^ 

=.". by «co.bta.„t methods. « 
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9. A method for enhancing a patienfs:= iaaune 
response to a cancer comprising: 



b) 



isolating fibroblasts from said 
patient; 

culturing said fibroblasts Xq ^ritro ! 
transducing said fibroblasts with' a 
retroviral expression vector containing 
the gene coding for lL-2 and^ g«„e 
coding for a tumor antigenfln a 
retroviral expression vector, to 
express said tumor antigen and to 
express and secrete said IL-2 by said 
fibroblasts; and 

immunizing said patient with said 
fibroblasts that express il-2 at a 
l«vel sufficient to enhance an.^une 
response but low enough to -avoid 
substantial systemic toxicity anf that 
express said tumor antigen, at i site 
other than an active tumor site* " 



5 Wherein ' said 
fibroblasts are further modified to express a suicide gene 

11. A composition for increasing a patient's 

aTc: ^""'^"^ ^^"^^^^^''^ -mor'antlge^s 

cl.ln -°«^i"ed to express at leas^ one 

cytokine gene product. 

cvt«t* "* composition of claim ii wheraigthe 

cytokine gene is selected from the group consist!^ of 

ntr^irr '!^rr'-^' int^ruS.: 

interleukin-S, interleukin-6 , and gamma interferon. J 

13. The composition of claim 12 wherein 
cytokine gene is interleukin-a . ^ 
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V- "^^^ °°«'Position of claim 11 whereia each 

cytokine gene is expressed at a level sufficient to 
atxiaulate the immune response but low enough t« . avoid 
substantial systemic toxicities. 

15. The method of claijn 9 wherein said 
traneducxng step said retroviral expression vector 'has a 
promoter causing sustained secretion of lL-2. = 

retrovi«i"' '"'^^'''^ °' "^^"^"^ ^-^'^ 

retroviral expression vector causes the secretion cf at 

olToJ^Z: '^"'^ ^ '^y^ 
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FIG. 2 
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O UNMODIFIED FIBROBLASTS (n = 13) 

• DCTK-IL2-M0DIFIED FIBROBLASTS {n=I3) 
■ LNCX-IL2-M0DIFIED FIBROBLASTS (n =13) 

* = SIGNIFICANT (p< 0.05) 




7 14 21 

DAYS POST INJECTION 



FIG. 6 



wo 93/07906 



7/ ]5 



PCr/US9|iiB999 



8 



O 



f i - 

(O CNJ 

snwjiNV33ad-aownx iN3Da3d 



SUBSTiTUTE SHEET 



wo 93/07906 



8/15 



400r 



350- 



300- 



^ CONTROL (SALINE) (n = 1 3) 

O UNMODIFIED FIBROBLASTS (n=20) 

• DCTK-IL2-M0DIFIED FIBROBLASTS (n = 12) 
■ LNCX-IL2-M0DIFIED FIBROBLASTS (n ^ 8) 

♦ LXSN-IL2-M0DIFIED FIBROBLASTS {n = 15) 
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£^ CONTROL (SALINE) {n =20} 
^ IRRADIATED CT26 ONLY (n=^l6) 
O IRRADIATED CT26 

+UNMODIFIED FIBROBLASTS (n= 15) 
• IRRADIATED CT26 

+ DCTK-IL2-M0DIFIED FIBROBLASTS (n=25) 
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250- 
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> 150- 
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50- 



CONTROL (SALINE) (n= 8) 
IRRADIATED CT26 ONLY {n = IO) 

IRRADIATED CT26 
+UNMODIFIED FIBROBLASTS (n=l6) 
IRRADIATED CT26 
+ DCTK-IL2-M0DIRED FIBROBLASTS {n = 10) 

IRRADIATED CT26 

+LNCX-IL2-M0DIRED RBROBLASTS (n = l3) 
IRRADIATED CT26 

+ LXSN-IL2-M0DIRED RBROBLASTS (n=l2)/ 
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